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To all whom it may concern: 
Be it known that I, Jomn AMBROSE FLEM- 
ING, professor of electrical engineering, a sub- 
ject of the King of Great Britain, residing at 
University College, Gower street, London, in 
the county of Middlesex, England, have in- 
vented certain new and useful Improvements 
in Instruments ‘for Converting Alternating 
Electric Currents into Continuous Currents, 
of which the following is a spécification. 
This invention relates to certain new and 
useful devices for converting alternating elec- 


‘tric currents, and especially high-frequency 


alternating electric currents or electric oscil- 
lations, into continuous electric currents for 
the. purpose of making them detectable by 
and measurable with ordinary direct-cur- 
rent instruments, such as a “* mirror-galva- 
nometer of the usual type or any ordinary 
direct-current ammeter. Such: instruments 


-as the latter are not affected by alternating 
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electric currents either of high or low fre- 
quency, which can only be measured and de- 
tected by instruments called . “‘alternating- 
current” instruments of special design. It 
is, however, of great practical importance to be 
able to detect feeble electric oscillations, such 
as are employed in Hertzian-wave telegraphy 
by anordinary movable coil or movable needle 
mirror-galvanometer. This can be done if 


the alternating current can be *‘ rectified ”— 


that ‘is, either suppressing alll the constituent 
electric currents in one direction and preserv- 
ing the others or else by changing the direc- 


tion of one of the sets.of currents which com- 


pose the alternating current so that the whole 
movement of electricity is in one direction. 
Many means have been devised and are in use 
for rectifying low-frequency alternating cur- 


rents, such as are used in electric lighting. 


There are well-known forms of mechanical 
rectifier; .also, :there is a well-known form of 
electrochemical rectifier, depending on the 
fact that. when a plate of carbon and alu- 
minium is placed in any electrolyte which 
yields oxygen on electrolysis an electric cur- 
rent can only pass through this cell in one di- 


rection if below acertain voltage. Both these. 


forms of rectitier are, however, inapplicable 


-{ areinclosed in a vessel in which s good vacuum 


is made, one being heated to a high tempera- 
ture, the space between the hot and cold con- 
ductors possesses a unilateral electric conduc- 
tivity, and negative electricity can pass from 
the hot conductor to the cold conductor, but 
not in the reversedirection. As the hot con- 


ductor should be heated to a very high tem- 


perature—say near to the melting-point of 
platinum, (1,700° centigrade)—it should be of 


55 


60 


carbon, preferably in the form of a filament . 


such as is used in any ordinary incandescent 
electric lamp. Thecold conductor may be of 
many materials; but I prefer a bright: metal, 
such as platinum or aluminium or else carbon. 
The two conductors are inclosed in a glass 
bulb similar to that of an incandescent lamp, 
and I generally heat the carbon filament toa 
high state of incandescence by a continuous 
electric current, the electrical connection to 
the filament and the cold conductor being 
made by platinum wires, sealed air-tight 
through the glass. 

Figure 1 is a full-size sectional elevation of 
an instrument constructed according to this 


-invention, the electrical connections being 


shown diagrammatically. This figure illus- 
tratesthe application of the invention to wire- 
Idsstelegraphy. Figs. 2and 3 show moditica- 
tions to smaller scales. i 

In Fig. 1, @ is a glass bulb, and 6 is acarbon 
filament likethe carbon tilamentof an incandes- 
cent lamp, suitable, say. for taking acurrent of 


. Six toeight voltsand twoto fouramperes. cis 


a cylinder of aluminium, open at the top and 
bottom, which surrounds but does fot touch 
the tilament. Thecylinder c is suspended and 
steadied by platinum wires @, and the ends of 
the filament 6 are connected to platinum wires 
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connected to theleadseand_f. The platinum - 


_ wires are sealed through the glass in the or- 
‘dinary manner. © 


As a very high vacuum should be obtained 
in the bulb a and as a considerable quantity 
of air is occluded in the conductors, these should 
be heated when the bulb is being exhausted. 
The filament 4 can be conveniently heated by 
passing a current through it, while the cylin- 
der ¢ can be heated by surrounding the bulb 


for high-frequency currents. I have found | @ with a resistance-coil through which a cur- 


that the aluminium-carbon cell will not act 
with high-frequency currents. 


rent is passed, the whole being inclosed in a 
box lined with asbestos or the like. When, 


1 have discovered that if two conductors | as hereinafter described, the cylinder ¢ is re- 
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placed by any form of conductor which can 


be heated by passing current through it, this 
method is usually-more convenient than that 


just described. 


wn 


tric current produced by the battery A, the 


negative pole of which is connected to the wire 


e and the positive to the wire £. The wires 
@ and ¢ are connected together by a wire tt 
which completes the circuit through the sec- 
ondary winding & of.an induction-coil (such as 
is ordinarily used in wireless telegraphy) and 
a galvanometer J. - 

m is the primary winding of the induction- 
coil, having one end connected, as is usual, to 
an aerial wire m and the other to earth o. 
The arrangement described above operates-as 
-an electric valye and permits negative elec- 
tricity to flow from the hot carbon 3 to the 
metal cylinder ¢, but not in the reverse direc- 
tion, so that the alternations induced in the coil 
‘by the Hertzian waves received by the aerial 
wire 7 are rectified or transformed into a more 
or less continuous current capable of actuat- 
ing the galvanometer/ by which the signals can 
be read. ms eee 
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Although Fig. 1 shows the application of 
the instrument to wireless telegraphy, i¢ will” 


be understood that the aerial wire x may be 
replaced by any circuit in which there: is an 
' alternating electromotive force, whether of 
low frequency or of high frequency. 
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I may increase the effect in the following 


manner: I employ two bulbs arranged as 
‘shown in Fig. 2, each being similar to that 
shown in A 
differential galvanometer connected to the 
bulbs in such: fashion that currents flowing 
in opposite directions through the two bulbs 
flow in the same direction round the two coils 
of the galvanometer as regards the needle g of 
the galvanometer itself. For this purpose the 
hot conductor of each bulb is connected to the 
45 cold conductor of the other. Hence one bulb 

- permits negative electricity to flow,only in 
one direction and the other bulb permits only 
negative electricity to flow in the opposite di- 
rection through it. Thecommon terminal of 
the two galvanometer-coils p is connected to 
the coil & or any source of alternating elec- 
tromotive force or of electrical oscillations, 
the other terminal of the said source being 
connected to the bulbs; as shown. Each bulb 
has its own separate insulated battery A for 
heating its hot filament.. Under these cir- 
cumstances alternating electric currents are 
split into two continuous currents passing 
through the two bulbs in-opposite and in the 
two coils of the galvanometer in the same di- 
rections. By thus using a differential gal- 
vanometer I make use of the whole of the 
energy of the alternating current instead 
of discarding half of it. In-this manner 
65 very feeble electrical oscillations can make 
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The carbon filament is made highly incan- 
descent in the usual way by a continuous elec- 


Fig. 1. pp are the two coils of a 


“unidirectional current. 
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themselves apparent by the indication which 
they give on a sensitive mirror - galvanom- 
eter. A number of these valves may be as- 
sociated together in parallel, as shown in Fig. 
3, so that alternating currents rectified by 
them separately may produce contin uous cur- 
rents which are added together. 

In place of using a metal cylinder surround- 
ing a carbon-loop filament I sometimes use a 
number of carbon filaments. Some of these 
are heated by means of an electric current 
and become the hot conductor of the oscilla- 
tion-valve and the others remain cold and 


form the cold conductor, or the metal. cylin- « 


der may bd replaced by a cylinder of meer- 
schaum or the like having wound helically 
upon it a narrow ribbon of metallic foil. In 
those ‘cases in which a larger alternating cur- 
rent’ has to be dealt with the hot conductor 
may be a rod of soft graphitic carbon held in 
suitable supports. ; 

I find it possible by means of the device de- 
scribed above to rectify an alternating current 
without the use of any auxiliary continuous 
heating-current. Thus if I pass through the 
carbon filament an alternating current to bring 
it to bright incandescence I find if I connect 
either terminal of the filament by a circuit 
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outside the bulb with the terminal of the . 


embracing cylinder or other cold-conductor 
then in this circuit continuous current flows. 
Hence the device may be used for rectifying 
either high-frequency or low-frequency alter- 
nating currents of electrical oscillations, pro- 
vided these are of sufficient strength to render 
a carbon filament brilliantly incandescent. 

It will be understood that when an alter- 
nating current is impressed upon a circuit in- 
cluding one of my improved rectifiers,.as in 
Fig. 1, the alternating impulses in one direc- 
tion will be suppressed and the alternating 
pulsations in the other direction will pass 
through the.circuit in the form of a pulsating 
This pulsating uni- 
directional current actuates the galvanometer 
or other continuous-current-indicating instru- 
ment 2. When two rectifiers are used oppo- 
sitely connected, as in Fig. 2, there will ra- 
sult two unidirectional pulsating currents 
flowing in opposite directions, and both of 
these currents are utilized in the differential 
galvanometer. yey lee 8 

‘When I specify in my claims ‘‘means for 
detecting a continuous current” I intend to 
include any instrument for detecting such a 
single unidirectional pulsating current or two 
such unidirectional pulsating currents flowing 
in opposite directions. a ais 

What I claim is— 


1. The combination of a vacuous vessel, two 


conductors adjacent to but not touching each 


the conductors, and a circuit outside the ves- 
sel connecting the two conductors. 
. 2. The combination of a vacuous vessel, two 
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other in the vessel, means for heating one of ~ 
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conductors adjacent to but not touching each 
other in the vessel, means for passing an elec- 
tric current through one of the conductors, 
and a circuit outside the vessel connecting 
the two conductors. 

3. Thecombination of a vacuous vessel, two 
conductors adjaceni to but not touching ‘each 
other in the vessel, means for heating one of 
the conductors, a ‘ciréuit. outside the vessel 
connecting- the two conductors, means tend- 
ing to produce an alternating current in the 
circuit, and means for detecting a continuous 
current in it. 

. 4, The combination of a vacuous vessel, two 
conductors adjacent to but not touching each 
other in the vessel, means for passing an elec- 
tric current through one of the conductors, a 
circuit outside the vessel connecting the two 
conductors, means tending to produce an alter- 
nating current in the circuit, and means for 
detecting a continuous current in it. 

5. The combination of.a vacuous vessel, two 
conductors adjacent to but not touching "each 


_other in the vessel, means for passing a con- 


tinuous electric current. through one of the 
conductors,and acircuit outside the vessel con- 
necting the two conductors. 

6. The combination of-a vacuous vessel, two 
conductors adjacent to but ‘not touching each 


other in the vessel, means for passing a con- 


tinuous electric current through one of the 
conductors, a circuit outside the vessel con- 
necting the two conductors, means tending to 
produce an alternating current in the circuit, 
and means for detecting a continuous current 
in it. 

7. The combination ofa a vacuous vessel, lwo 
conductors adjacent to but not touching ‘each 
other in.the vessel, means for heating one of 
the conductors, a circuit outside the vessel 


connecting the twd conductors, an induction- 


coil having: its secondary winding in the cir- 
cuit and its primary winding connected to an 
aerial wire and earth, and tneans for detecting 
a continuous current, in the circuit. . 

8. Thé combination of a vacuous vessel, two 
conductors adjacent to but not touching each 
other in the vessel, means for passing an elec- 


_tric current through one of the conductors, a 


circuit outside the vessel connecting the two 
conductors, an induction -coil having jts sec- 


ondary winding in the circuit and its primary 
winding connected to an aerial wire and earth, - 


. and means for detecting a continuous current 
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in the circuit. . 
9. The combination of a vacuous vessel, two 


conductors adjacent to but not touching "each 


other in the vessel, means for passing a con- 
tinuous electric current through one of the 
conductors, a circuit outside. the vessel con- 
necting the two conductors, an induction-coil 
having its secondary winding in the circuit 
and.its primary winding connected to an aerial 
wire and earth, and means for detecting a 
continuous current in the circuit. 





& 


10. The eoimbiiniion of a vacuous vessel, a 
carbon filament in the vessel, a metallic cylin- 
der surrounding but not touching the fila- 
ment, means for heating the filament, and a 


‘circuit outside the vessel connecting the fila- 


ment to the cylinder. 

11. The combination of a vacuous. vessel, a 
carbon filament in the vessel, a metallic cylin- 
der surrounding but not touching the fila- 
ment, means for passing -an electric current 
through the filament, and a circuit outside the 
vessel connecting the filament to the cylinder. 

12. The combination of a vacuous vessel, a 
carbon filament in the vessel, a metallic. cylin- 
der surrounding: but not touching the fila- 
ment, means for heating the filament, a circuit 


.| outside the vessel connecting the filament to 


the cylinder, . means tending to produce. an 
alternating current in the circuit, and means 
for detecting a continuous current in it. 

13. The combination of a vacuous vessel, a 
carbon filament in the vessel, a metallic cylin- 
der surrdunding but not touching the fila- 
ment, mearis for. passing an electric current 
through the filament, a circuit-outside the 
vessel connecting the filament to the cylin- 
der, means tending to produce an alternating 
current in the circuit, and means for detect- 
ing a continuous current in it. 

_ 14. The combination of a vacuous vessel, a 
carbon filament in the vessel. a metallic cyl- 
inder surrounding but not touching the fila- 
ment, means for passing a continuous electric 
current through the filament, ‘and a circuit 
outside the vessel connecting the filament to 


| the cylinder. 


_ 15. The combination of a vacuous vessel, a 
carbon filament in the vessel, a metallic eyl- 
inder surrounding but not touching the fila- 
ment, means for passing a continuous electric 
current through the filament, a circuit outside 
the vessel connecting the filament to the cyl- 
inder, means tending to produce an alternat- 
ing current in the circuit, and means for de- 
tecting a continuous current in it. 

16. The combination of a vacuous vessel, a 
carbon filament in the vessel, a metallic eyl- 
inder surrounding but not touching the fila- 
ment, means for heating the filament, a cir- 
cuit outside the vessel connecting the filament 
to the cylinder, an induction-coil having its 
secondary winding in the circuit and its pri- 
mary winding connected to an aerial wire and 
earth, and means for aomouny a continuous 
current in the circuit. 

17. The combination of a vacuous vessel, a 
carbon filament in the vessel, a metallic cyl- 
inder surrounding but’ not touching the fila- 
ment, means for passing an electric current 
through the filament, a circuit outside the ves- 


sel connecting the filament to the cylinder, an, 


induction-coil having i its secondary winding in 
the circuit and its primary winding connected 
to av aerial wire and earth, and means for de-. 
tecting a continuous current in the circuit. 
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18. The combination of a vacuous vessel, a 
carbon filament in the vessel, a metallie cyl- 
inder surrounding but not touching the fila- 
ment, means for passing a continuous electric 
current through the filament, a circuit outside 
the vessel connecting the filament to the cyl- 
inder, an induction-coil having its secondary 
winding in the circuit and its primary wind- 
ing connected to an aerial wire and earth, and 
means for detecting a continuous current in 
the circuit. 

19. Thecombination of two vacuous vessels, 
two conductors adjacent to but not touching 
each other in each vessel, means for heating 
one of the conductors in each vessel, two coils 
of « differential galvanometer, one coil being 
connected ‘to the heated conductor in one ves- 
sel and the other coil being connected to the 
unheated conductor in the other vessel, a con- 
nection between the other pair of conductors, 
a connection between the coils, and a circuit 
connecting the two latter connections. 

20. Thecombination of two vacuous vessels, 


two conductors adjacent to but not touching. 


each other in each vessel, means for passing 
an electric current through and so heating 
one of the conductors in each vessel, two coils 
of a differential galvanometer, one coil being. 
connected to the heated conductor in one ves- 
sel and the other coil being connected to the 
unheated conductor in the other vessel, acon- 
nection between the other pair of conductors, 


_aconnection between the coils, and a circuit 
_ connecting the two latter connections. 
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21. Thecombination of two vacuous vessels, 
two conductors adjacent to but not touching 
each other in each vessel, means for passing a 
continuous electric current through and so 
heating one of the conductors in each vessel, 
two coils of a differential galvanometer, one 
coil being connected to the heated conductor 
in one vessel and- the other coil being con- 
nected to the unheated conductor in the other 
vessel, a connection between the other pair 
of conductors, a connection between the coils, 
and a circuit connecting the two latter con- 
nections. 

22. The combination of two vacuous vessels, 


- two conductors adjacent to but not touching 
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each other in each vessel, means for heating 
oneof the conductors in each vessel, two coils 
of a differential-galvanometer, one coil being 
connected to the heated conductor in one ves- 
sel and the other coil: being-connected to the 
unheated conductor in the other vessel, a con- 
nection between the other pair of conductors, 
a connection between the coils, a circuit con- 
necting the two latter connections, and means 
tending to produce an alternating current in 
the circuit. ~ weg ‘ 
23. Thecombination of two vacuous vessels, 
two conductors adjacent to but not touching 
each other in each vessel, means for passing 
an electric current through and eo heating one 
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of the conductors in each vessel, two coils of 
a differential galvanometer, one coil being con- 
nected to the heated conductor in one vessel 
and the other coil being connected to the un- 
heated conductor in the other vessel, a con- 
nection between the other pair of conductors, 
a connection between the coils, a circuit con- 
necting the two latter connections, and means 
tending to produce an alternating current in 
the circuit. 

24. Thecombination of two vacuous vessels, 
two conductors adjacent to but not touching 
each other in each vessel, means for passing 
@ continuous electric current through and so 
heating one of the conductors in each vessel, 
two coils of a differential galvanometer, one 
coil being connected to the heated conductor 
in one vessel and the other coil being con- 
nected to the unheated conductor in the other 
vessel, a connection between the other pair of 
conductors, a connection between the coils, a 
circuit connecting the two latter connections, 
and means tending to produce an alternating 
current in the circuit. 

25.- The combination of two vacuous vessels, 
a carbon filament in each vessel, a metallic 
cylinder in each vessel, surrounding but not 
touching the filament, means for heating the 
filaments, twocoils ofa differential galvanome- 
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ter one coil being connected to the filament . 


in one vessel and the other coil being con-" 


nected to the cylinder in the other vessel, a 
connection: between the other cylinder and 
filament, a connection between the coils, and a 
circuit connecting the two latter connections. 

26. The combination of two vacuous vessels, 
a carbon filament in each vessel,:a metallic 
cylinder in each vessel, surrounding but not 
touching the filament, means for passing an 
electriccurrent through the filaments, two coils 
of a differential galvanometer one coil being 
connected to the filament in one vessel and the 
other coil being’ connected to the cylinder in 
the other vessel, a connection between the 
other cylinder and filament, a connection be- 
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tween the coils, and a circuit connecting the : 


two latter connections. as 

27. Thecombination of two vacuous vessels, 
a carbon filament-in each vessel, a metallic 
cylinder in each vessel, surrounding but not 


‘touching the filament, means for passing a 


continuous electric current through the fila- 
ments, twocoils of a differential galvanometer 
one. coil being connected to the filament in 
one vessel and the other cvil being connected 
to the cylinder in the other vessel, a connec- 
tion between the other cylinder and filament, 
a connection between the coils, and a circuit 
connecting the two latter connections. 

« 28. Thecombination of two vacuous vessels, 
a carbon filament in each vessel, a metallic 
cylinder in each vessel, surrounding but not 
touching. the filament, means for heating the 
filaments, two coils of a differential galva- 
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nometer one coil being connected to the fila- 
ment in one vessel-and the other coil being 
connected to the cylinder.in the other vessel, 
a connection between the other cylinder and 
filament, @-connection between the coils, a 
circuit connecting the two latter connections, 
and means tending to produce an alternating 


- current in the circuit. 
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29. Thecombination of two vacuous vessels, 
a carbon filament in each vessel, a metallic 
cylinder in éach vessel, surrounding but not 
touching the filament, means for passing an 
electric current through the filaments, two 
coils of a differential galvanometer one coil 
being connected to the filament in one vessel 


_and the other coil being connected to the 
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cylinder in the other vessel, a connection ber 
tween the other. cylinder and filament, a con- 
nection between the coils, a circuit connecting 
the two latter connections, and means tending 
to produce an alternating current in the cir- 
cuit. 

30. The combination of two vacuous vessels, 
a carbon filament in each vessel, a metallic 
cylinder in each vessel, surrounding but not 
touching the filament, means. for passing a 
continuous electric current through the fila- 
ments, two coils of a differential galvanometer 
one coil being connected to the: filament in 


‘one vessel and the other coil being connected 


to the cylinder in the other vessel, a connec- 
tion between the other cylinder and filament, 
a connection between the coils, a circuit con- 
necting the two latter connections, and means 
tending to produce an alternating current in 
the circuit. 

31. Thecombination of two vacuous vessels, 
two conductors adjacent to but not touching 
each other in each vessel, means for heating 
one of the conductors in each vessel, two coils 


‘of a differential galvanometer, one coil being 


connected to the heated conductor in one 
vessel and the other coil being connected to 
the unheated conductor in the other vessel, a 
connection between the other pair of con- 
ductors, a connection between the coils, a 
circuit connecting the two latter connections, 
and an induction-coil having its secondary 
winding in the circuit and its primary wind- 


‘ing connected to an aerial wire and earth. 


32. Thecombination of two vacuous vessels, 
two conductors adjacent to but not touching 
each other in each vessel, means for passing an 
electric current through and so heating one of 
the conductors in each vessel, twocoilsof adif- 
ferential galvanometer, one coil being con- 
nected to the heated conductor in one vessel and 
the other coil being connected to the unheated 
conductor in the other vessel, a connection 
between the other pair of conductors, a con- 
nection between the coils, a circuit connecting 
the two latter connections, and an induction- 
coil having its secondary winding in the cir- 
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cuit and its primary winding connected to an 
aerial wire and earth. 

33. Thecombination of two vacuous vessels, 
two conductors adjacent to but not touching 
each other in each vessel, means for passing a 
continuous electric’ current through and so 
heating one of the conductors in-each vessel, 
two.coils of a differential galvanometer, one 
coil being connected to the heated conductor 
in one véssel and the other coil being con- 
nected to the unheated conductor in the other 
vessel, a connection between the other pair of 
conductors, a connection between the coils, a 
circuit connecting the two latter connections, 
and an induction-coil having its secondary 
winding in the circuit and its primary wind- 
ing connected to an aerial wire and earth. 

- 34. The combination of two vacuous vessels, 
a carbon filament in each vessel, a metallic 
cylinder in each vessel, surrounding but not 


touching the filament, means for heating the. 


filaments, two coils of a differential galva- 
nometer one coil being connected to the fila- 
ment in one vessel and the other coil being 
connected to the cylinder in the other vessel, 
a connection between the other cylinder and 
filament, a connection between the coils, a cir- 
cuit connecting the two latter connections, 
and an induction-coil having its secondary 
winding in the circuit and its primary wind- 
ing connected to an aerial wire and earth. 
35.. The combination of two vacuous vessels, 
a carbon filament in each vessel, a metallic 
cylinder in eack vessel, surrounding but not 
touching the filament, means for passing an 
electric current through the filaments, two 
coils of a differential galvanometer one coil 
being connected to the filament in one vessel 
-and the other coil being connected to the cyl- 
inder in the other vessel, a connection between 


between the coils, a circuit connecting the two 
latter connections, and an inductivn-coil hav- 
ing its secondary winding in tue circuit and 
its primary winding connected .to an aerial 
wire and earth. 

36. Thecombination of two vacuous vessels, 
a carbon filament in each vessel, a metallic 
cylinder in each vessel, surrounding but not 
touching the filament, means for passing a 
continuous electric current through the ftila- 
ments, two coils of a differential galvanometer 
one coil being connected to the filament: in 
one vessel and the other coil being connected 
to the cylinder in the other vessel, a connec- 
tion between the other cylinder and filament, 
a connection between the coils, a circuit con- 
necting the two latter connections, and an in- 
duction-coil having its secondary winding in 
| the circuit and its primary winding connected 
to an aerial wire and earth. 

37. At a receiving-station in-a system of 
wireless telegraphy employing electrical us- 


the other cylinder and filament, a connection . 
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cillations of high frequency a detector com- ‘for impressing upon the circuit the received 
prising a vacuous vessel, two conductors ad- | oscillations. 


jacent to but not touching each other in the 

vessel, means for heating one of the conduc- _ JOHN AMBROSE FLEMING. 
5 tors, a circuit outside of the vessel connect- Witnesses: 

ing the two conductors, means for detecting. H. D. JAMESON, 

2 continuous current in the circuit, and means | A. Nurrine. 
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